CHRONIC TUBULOINTERSTITIAL fibrosis is a major contributor to native and transplant kidney failure (16, 26, 42) . It is a chronic, progressive, nonspecific, and irreversible histopathological entity that is associated with significant patient morbidity and mortality (30, 40, 42) . A major challenge to improving longterm outcomes in patients with kidney disease is to dissect out identifiable causes of chronic tubulointerstitial fibrosis and to develop cause-specific treatment strategies (17) .
Interstitial myofibroblasts are the principal source of kidney fibrosis (25, 28) . Under stress, resident fibroblasts expand by cell division and generate profibrotic molecules. Up to a third of all disease-related fibroblasts, however, can originate from tubular epithelia at the site of injury through epithelial-tomesenchymal transition (EMT) (28) . EMT is an important profibrotic event in native (28, 29, 37, 46, 49) and transplant kidney injury (8, 21, 27) . During EMT, tubular epithelial cells are transformed into myofibroblasts in a stepwise process characterized by downregulation of epithelial markers including E-cadherin and de novo expression of mesenchymal markers such as ␣-smooth muscle actin (␣-SMA). EMT is also associated with actin reorganization, tubular basement membrane disruption, cell migration, and production of profibrotic molecules (28, 29, 37, 46, 49) . Transforming growth factor ␤1 (TGF-␤1), oxidative stress (OS), hypoxia, interleukin-1, and tissue-invasive mononuclear cells can all result in EMT (8, 21, 48) . A better understanding of the pathogenesis of EMT may result in treatment strategies that delay or inhibit chronic tubulointerstitial fibrosis.
Heat shock proteins (HSPs) are a protein superfamily that respond to heat or any physiological stress (18, 41) . HSP27 (in humans and rats) or HSP25 (in mice) belong to the small HSP (sHSP) subfamily and are characterized by a low molecular mass and conserved COOH-terminal domains (the ␣-crystallin domain). They also contain a WDPF domain in their NH 2 -terminal part and a nonconserved flexible domain which constitutes the COOH-terminal part of the proteins (4). HSP27 exerts its cytoprotective effects through modulation of the actin cytoskeleton and inhibition of OS and apoptosis (3, 5, (32) (33) (34) 39) . It also plays a role in inflammation, cell signaling, differentiation, and proliferation (2, 4) . It is therefore logical to hypothesize that HSP27 is involved in the pathogenesis of EMT and chronic tubulointerstitial fibrosis at several levels, including its activation by growth factors and OS and its role as an actin-remodeling and antioxidant molecule. To address this hypothesis, we first evaluated the involvement of HSP27 in an established animal model of kidney fibrosis and EMT, and next we examined its role in TGF-␤1-induced EMT of rat proximal tubular epithelial cells (NRK52E).
MATERIALS AND METHODS

Cell Culture Experiments
Normal rat kidney proximal epithelial cells (NRK52E) were obtained from the American Type Culture Collection (ATCC, Rockville, MD) and maintained at 37°C in a humidified atmosphere containing 5% CO 2. Cells were seeded at 2.5 ϫ 10 5 cells/well into six-well culture plates in DMEM (high glucose) containing 5% heat-inactivated FBS, 44 mM NaHCO 3, 5,000 IU penicillin, and 5,000 g/ml streptomycin (Cellgro). At 80% confluency, media was changed to serum-free DMEM supplemented with 0.1% BSA for 12 h to arrest growth and synchronize cell activity. TGF-␤1 (at indicated concentrations, Sigma-Aldrich, St. Louis, MO) was then added for EMT experiments.
HSP27 transfection studies in cells were performed using an empty pCI Mammalian Expression Vector (Promega, Madison, WI) or pCI vector containing a 780-bp human Hsp27 gene insert (HuHSP27, GenBank no. X54079) under the control of the human cytomegalovirus early enhancer/promoter. The vector was constructed by cloning the EcoRI insert of pGAD10-HuHSP27 (14), a generous gift from Dr. Jacques Landry. Cells were transfected for 5 h before the addition of TGF-␤1, using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the recommended protocol. Cells were harvested before the addition of TGF-␤1 (time 0), on days 1, 2, and 3 and used for immunoblotting, real-time PCR, and immunofluorescence studies.
Animal Studies
Adult (9-to 11-wk-old) male Lewis rats were purchased from Harlan Sprague-Dawley (Indianapolis, IN). Animals were housed in the animal care facility at the William Middleton Veterans Affairs (VA) Hospital in Madison, WI, and the procedures were performed in accordance with the Animal Care Policies at the VA Hospital and the University of Wisconsin. A unilateral ureteral obstruction (UUO) procedure was performed under general anesthesia with isoflurane. Briefly, the left ureter was ligated with 6-0 silk at two points and then severed between the ligatures to prevent retrograde urinary tract infection. Animals were killed after 2 wk by exsanguination through cardiac puncture under general anesthesia. Both kidneys were harvested and sectioned longitudinally in half. One-half was snap frozen immediately and used for immunoblot and real-time PCR analyses, whereas the other half was formalin-fixed and paraffin-embedded for immunohistochemical analyses. The right kidney served as the control to the left obstructed kidney.
RNA Extraction, Purification, and Real-Time PCR Analyses
Total RNA extraction was performed as previously described (22, 23) . Briefly, RNA was extracted from cell lysates using the TRIzol protocol (GIBCO BRL, Life Technologies, Rockville, MD). Following centrifugation, the clear supernatant containing RNA was transferred into a fresh tube and chloroform (200 l/tube) was added for phase separation. Isopropanol (500 l/tube) was then added, and following another centrifugation the supernatant was removed and the RNA pellet was washed with 1 ml 75% EtOH in diethylpyrocarbonate (DEPC)-treated water. The sample was centrifuged and the supernatant was removed, allowing the pellet to dry at room air. Pellets were then resuspended in DEPCtreated water, and an RNA Easy kit (catalog no. 74104, Qiagen) was used for purification. RNA samples were eluted with sterile DEPC-treated water, and spectrophotometric readings were done at 260/280 nm to determine the final concentration. We utilized rat HSP27 (Unigene ID: Rn.3841, exon boundary 2-3), vimentin (Unigene ID: Rn.2710, exon boundary 2-3), fibronectin (Unigene ID: Rn.1604, exon boundary 23-24), S100A4 (Unigene ID: Rn.504, exon boundary 1-2), E-cadherin (Unigene ID:Rn.1303, exon boundary 3-4), and S26 internal control (Refseq: XM 001066146.1 exon boundary 1-1) primers. cDNA synthesis was performed using a First Strand cDNA synthesis kit (Roche catalog no. 1483188) as described previously (22, 23) . Briefly, RNA (2.5 g), 10ϫ reaction buffer (4.0 l), 25 mM MgCl (8.0 l), dNTPs (4.0 l), RNase inhibitor (2.0 l), AMV RT polymerase (1.6 l), and oligo dT (4.0 l) were mixed in a 500-l Eppendorf tube. Samples were mixed and incubated at 25°C for 10 min, 42°C for 60 min, and 99°C for 5 min, followed by a 4°C hold in a thermocycler. PCR reactions were then performed using the primers described above and the GeneAmp 5700 Sequence detection system (Applied Biosystems). Mean Ct, SD, and ⌬ Ct (compared with S26 internal control) for HSP27 and matrix remodeling genes (vimentin, fibronectin, and E-cadherin) at baseline (time 0), and days 2 and 3 of treatment with TGF-␤1 were evaluated and presented. Experiments were performed in triplicate, and representative samples are presented.
Immunoblotting
Western blotting was performed on protein lysates obtained from whole kidney tissue or cell lysates as described earlier (22, 23) . After separation by SDS-PAGE (10 -20% gradient PAGE, Bio-Rad, Hercules, CA), proteins were transferred electrophoretically (100 V, 30 min) to nitrocellulose membranes (Bio-Rad) that were then blocked with a solution containing 5% Carnation nonfat milk, 50 mM Tris ⅐ HCl, pH 7.4, 150 mM NaCl, and 0.05% Tween 20 (TBS-Tween) overnight at 4°C. Membranes were incubated the next day with antibodies against total human Hsp27 (clone G3.1, SPA-800, 1:1,000, Stressgen), total rat Hsp27 (385877, 1:2,000, Calbiochem, La Jolla, CA), and phosphorylated (S85) Hsp27 (Ab5594, 0.25:1,000, Abcam). The immunogen is a synthetic peptide, RQLS pSGVSEIR, corresponding to amino acids 82-92 of rat Hsp27. The antibody does not detect the unphosphorylated form of the protein but cross reacts with both human and rat phosphoHSP27. Other antibodies included E-cadherin (clone 34, mouse IgG2b, immunogen human E-cadherin, AA 735-883, C37020, 150 g, 1:100, 4°C overnight, BD Transduction Labs); ␣-SMA (clone 1A4, A2547, 2 ml, 1:2,000, Sigma); Snail (Ab17732, 1:1,000, Abcam Transduction Labs); total p38 (Ab19329, 1:20,000, Fig. 1 . Heat shock protein 27 (HSP27) was upregulated after ureteral obstruction. Three-month-old Lewis rats (n ϭ 6) underwent unilateral ureteral obstruction (UUO) of the left kidney. A: representative immunoblot analyses of right (control) and left (UUO) kidneys. All studies were repeated 3 times. B: bar graph of average protein levels normalized to GAPDH. UUO resulted in a significant upregulation of transforming growth factor (TGF)-␤1, phosphorylated p38MAPK, total and phosphorylated HSP27, and ␣-smooth muscle actin (␣-SMA).
Abcam); TGF-␤1 (AHG0051, 1:1,000, Invitrogen); and ␤-actin (A0760 -40, 1:7,500, US Biologicals). All primary antibodies were diluted in the solution containing 5% Carnation nonfat milk, 50 mM Tris ⅐ HCl, pH 7.4, 150 mM NaCl, and 0.05% Tween 20 (TBS-Tween). Binding of primary antibodies was followed by incubation for 1 h at room temperature with a secondary horseradish peroxidase-conjugated IgG in 1% nonfat milk. Signals were visualized by enhanced chemiluminescence signals captured on X-ray film. Data were normalized to ␤-actin. Densitometry was done using National Institutes of Health Image J software, downloaded from http://rsb.info.nih.gov/ij. Results were displayed as representative assays of three sets of independent experiments.
Immunostaining
Cell culture studies. NRK cells were cultured on 0.1% gelatincoated coverslips in a 24-well plate. Cells were fixed with 4% paraformaldehyde for 10 min at room temperature, washed, and permeabilized with 1% Triton X-100 for 3 min. Anti-HSP27 (1:100, Calbiochem) staining was done at room temperature for 1 h followed by an anti-rabbit Alexa 488 secondary antibody (1:1,000, Invitrogen, Carlsbad, CA). Double staining was done with phalloidin-Alexa 568 (1:40, Invitrogen). Cells were stained with anti E-cadherin-FITC (1:2.5 BD Bioscience, San Jose, CA) overnight at 4°C and double stained with anti-HSP27 (1:100) followed by anti-rabbit Alexa 594 secondary antibody (1:1,000). ProLong Gold Antifade reagent with 4,6-diamidino-2-phenylindole (Invitrogen) was used to mount the coverslips to slides.
Tissue sections. Formalin-fixed, paraffin-embedded sections were cut into 4-to 5-m sections. Slides were deparaffinized and rehydrated from xylene through a graded ethanol series to dH 2O. Antigen retrieval was performed in a 1 mM EDTA (pH ϭ 8.0) solution at 25 psi for 2 min. Nonspecific background staining was blocked using Sniper (Biocare Medical, Concord, CA). TGF-␤1 (1:400) primary staining was done at room temperature for 1 h followed by an anti-mouse Alexa 594 secondary antibody (1:1,000). Double staining with HSP27 (1:200) was completed using anti-rabbit Alexa 488 (1:1,000). For the immunoperoxidase assays, anti-TGF-␤1 and -HSP27 antibody concentrations were 1:500 and 1:200, respectively. The anti-TGF-␤1 antibody [rabbit polyclonal antibody LC1-30-1 (s)] used for staining experiments was a generous gift from Dr. Randy Wolff at the University of Wisconsin. ␣-SMA (1:50,000, Sigma-Aldrich) primary staining was done at room temperature for 1 h followed by an anti-mouse Alexa 488 secondary antibody (1:1,000). Double staining with HSP27 (1:100) was completed using anti-rabbit Alexa 594 (1:1,000). E-cadherin primary staining of tissue was done using an unconjugated antibody (1:50, BD Bioscience) overnight at 4°C followed by anti-mouse Alexa 488 (1:1,000). Double staining with HSP27 was completed as previously mentioned. Coverslips were secured using the ProLong Gold Antifade reagent with 4,6-diamidino-2-phenylindole. Slides were viewed on a Nikon Eclipse E600 microscope with an Olympus DP70 camera. Images were analyzed using DP70 imaging software.
RESULTS
HSP27 Was Upregulated in UUO and Colocalized with TGF-␤1, ␣-SMA, and E-cadherin in Areas of Injury
We first sought to evaluate the expression of HSP27 and its signaling pathway in an established animal model of kidney fibrosis and EMT (15, 31) . Lewis rats underwent UUO of the left kidney, and we examined HSP27, its signaling pathway, and matrix-remodeling molecules by immunoblot and immunofluorescence studies. Immunoblot analyses showed that UUO resulted in a significant upregulation of TGF-␤1, ␣-SMA, total and phosphorylated HSP27, and phosphorylated p38MAPK while E-cadherin levels remained grossly unchanged (Fig. 1) .
Immunohistochemical and immunofluorescence studies showed that HSP27 was primarily present in blood vessels, glomeruli, and a few distal tubules in control kidneys (see Figs. 2-4) . UUO resulted in greater HSP27 and TGF-␤1 staining in areas of tubulointerstitial injury compared with control kidneys (Fig. 2, A-E) . Furthermore, a significant number of tubular epithelial cells showed colocalization of both molecules (Fig. 2, C and E, yellow arrows) . Similarly, ␣-SMA stained the vessels (Fig. 3 ) and E-cadherin the basolateral membranes of distal tubules (Fig. 4) . However, in obstructed kidneys, HSP27 and ␣-SMA costained areas of tubulointerstitial stress and injury (Fig. 3F ) and E-cadherin lost its membrane-bond expression while costaining with HSP27 in the cytoplasm of cells under stress (yellow arrow, Fig. 4F) . Together, these studies suggest that HSP27 is involved in the pathogenesis of kidney tubulointerstitial fibrosis.
HSP27 Protein Levels Increased During TGF-␤1-Induced EMT
TGF-␤1 is a key inducer of EMT and fibrosis in kidneys (12, 48) . We also showed that TGF-␤1 and HSP27 levels were both increased after UUO (Figs. 1 and 2) . However, there is no information on whether TGF-␤1 regulates HSP27 expression in renal tubular epithelial cells. To address this question, NRK52E cells were treated with increasing concentrations of TGF-␤1 (0, 5, 10, or 20 ng/ml) for 3 days as described in MATERIALS AND METHODS. Western blot analyses showed that there was a significant increase in HSP27 levels when cells were treated with 20 ng/ml of TGF-␤1 (Fig. 5, A and B) . This dose range was based on previous studies examining TGF-␤1-induced EMT in NRK52E cells (13, 43) . Double bands on immunoblots (Fig. 5A) are consistent with previously reported in vitro and animal studies and are probably related to the phosphorylation state of HSP27 (1, 6, 19) . We next used this dose of TGF-␤1 and examined the expression of HSP27 and its signaling pathway during TGF-␤1-induced EMT. TGF-␤1 treatment resulted in EMT (upregulation of ␣-SMA and downregulation of E-cadherin) and significant upregulation of total and phosphorylated HSP27 and p38MAPK after 3 days, suggesting that HSP27 is involved in the pathogenesis of TGF-␤1-induced EMT via the activation of the p38MAPK pathway. 
HSP27 mRNA Increased in TGF-␤1-Induced-EMT: Real-Time PCR Analyses
We next evaluated HSP27, vimentin, fibronectin, and Ecadherin mRNA levels by real-time PCR at baseline (time 0) and days 2 and 3 of treatment with TGF-␤1 (20 ng/ml) (Fig. 6) . HSP27, vimentin, and fibronectin mRNA levels increased with time and TGF-␤1 while E-cadherin levels decreased. The differences were statistically significant for HSP27, fibronectin, and E-cadherin between TGF-␤1 and no treatment groups on day 3. Although the magnitude of the mRNA increase was not as significant as protein changes observed in Fig. 5 , these findings suggest that HSP27 transcription may contribute to greater protein levels during TGF-␤1-induced EMT.
HSP27 Colocalized with F-Actin and E-Cadherin in TGF-␤1-Induced EMT
To examine the cellular localization of HSP27 in TGF-␤1-induced EMT, we performed immunofluorescence studies for HSP27 and EMT biomarkers F-actin and E-cadherin. Cells were treated or not with TGF-␤1 (20 ng/ml) for 3 days. In untreated cells, HSP27 expression was homogenous and intracytoplasmic (Fig. 7A) , while F-actin localized under the cell membrane (Fig. 7B) . Merged images did not show significant colocalization (Fig. 7C) . In TGF-␤1-treated cells, we observed features of EMT with the loss of the cobblestone pattern, spindle-shaped cells, and the presence of F-actin stress filaments (Fig. 7, D-F) . HSP27 and F-actin colocalized in cells undergoing the most significant phenotypic changes (marked with a yellow *, Fig. 7F ), suggesting that HSP27 interacts with F-actin during EMT. Similar studies examining HSP27 and E-cadherin showed that in untreated cells, E-cadherin was primarily localized on the cell membrane (yellow arrows, Fig. 8B ). TGF-␤1-treated cells displayed features of EMT including downregulation of membrane-bound E-cadherin (Fig. 8E) . Merged images showed significant cytoplasmic colocalization of HSP27 and E-cadherin in most cells, especially those with pronounced features of EMT.
EMT is a dynamic and time-dependent event, and therefore cells may be at different stages of transition depending on the time after treatment. Additionally, although all cells are treated with TGF-␤1, some undergo EMT while others may become apoptotic or alternatively resist stress and maintain their phenotype (12, 24, 38, 47) . Our observations simply suggest that HSP27 and F-actin interact in cells undergoing significant phenotypic changes after the addition of TGF-␤1.
HSP27 Overexpression Increased E-Cadherin While Downregulating Snail
To examine the effects of HSP27 overexpression on EMT, NRK52E cells were transiently transfected with human HSP27 or control vector. Regardless of TGF-␤1 treatment, human HSP27 transfection resulted in significantly greater levels of human HSP27, phosphorylated HSP27, and E-cadherin while the levels of E-cadherin repressor Snail decreased (Fig. 9 ). There were no significant changes in intrinsic rat HSP27 levels. Together, these studies indicated that HSP27 may modulate EMT through upregulation of E-cadherin expression by regulating Snail expression.
DISCUSSION
These studies show that HSP27 is involved in the pathogenesis of TGF-␤1-induced EMT and kidney tubulointerstitial fibrosis. Furthermore, our findings suggest that HSP27 may modulate EMT by upregulating E-cadherin through the inhibition of E-cadherin repressor Snail. Because TGF-␤1 is the principal profibrotic cytokine in the kidney (12, 48) , these findings may be relevant to our understanding of the pathobiology of kidney injury. A few other studies support our observations. For example, cortical HSP27 levels were increased in kidney allografts with chronic tubulointerstitial fibrosis (22) . HSP27 activation was required for TGF-␤1-induced cell motility in prostate epithelial cells (20) . HSP27 induction was found as an adaptive response of the human kidney to congenital unilateral ureteropelvic junction obstruction (45) . Furthermore, a p38-MAPK-mediated increase in Hsp27 phosphorylation maintained cell adhesion and suppressed apoptosis in nephrotoxicant 1,2-(dichlorovinyl)-L-cysteine-treated LLC-PK 1 cells (19) . Last, adenosine-induced p38MAPK activation resulted in mediated Hsp27 (total and phosphorylated) upregulation and was renoprotective in mice (35) .
E-cadherin expression may be cytoplasmic or membrane bound and was regulated by TGF-␤1 and HSP27 in our studies. TGF-␤1 decreased E-cadherin expression while HSP27 overexpression resulted in significant upregulation of E-cadherin in the presence or absence of TGF-␤1. Although E-cadherin levels were not decreased in vivo compared with in vitro studies, the molecule was consistently "recompartmentalized" from the membrane to the cytoplasm under stress. The difference regarding total E-cadherin levels may result from the lack of serum and most physiological repair mechanisms that characterized our in vitro conditions. In other words, the stress of the cell culture environment was significantly greater than in vivo, resulting in more drastic phenotypic changes. Another question was how E-cadherin could be downregulated in response to TGF-␤1, which also increased HSP27 expression, while overexpression of HSP27 itself resulted in increased expression of E-cadherin. HSP27 is a stress-response protein that protects cells when stress is mild to moderate. In a All experiments were repeated at least 3 times. TGF-␤1 treatment resulted in EMT (upregulation of ␣-SMA and downregulation of E-cadherin) and greater total and phosphorylated HSP27 and p38MAPK levels.
high-stress environment, EMT, apoptosis, or necrosis may ensue (12, 18) . It is therefore possible that in vitro, the burden of exogenous TGF-␤1 overcomes the repair capacity of endogenous HSP27, resulting in E-cadherin downregulation. If HSP27 levels are increased by transfection, cell repair capacity is enhanced and downregulation of E-cadherin is prevented. Another possibility is the role of signaling pathways (e.g., Smad, Slug, Wnt) that could operate independently from HSP27 in this context and result in downregulation of Ecadherin (36, 37) . Our studies suggest that HSP27-mediated upregulation of E-cadherin was dependent, at least in part, on the inhibition of the E-cadherin repressor Snail (7, 10, 11) . Immunofluorescence studies were in concert with these findings showing costaining of E-cadherin and HSP27 in TGF-␤1-treated cells and the UUO model, indicating that HSP27 may interact with E-cadherin during EMT and tubulointerstitial fibrosis. Indeed, recent data support this hypothesis by demonstrating a dialog between HSP27 and adherens junction/focal adhesion (1, 9, 44) . For example, overexpression of HSP27 in human melanoma cell lines upregulated E-cadherin while decreasing matrix metalloproteinases 2 and 9 and tumor markers MUC18/MCAM, suggesting an inhibitory-regulatory role for HSP27 in melanoma progression (1) . Conversely, desmosome signaling may also activate HSP27 (9). Berkowitz et al. (9) showed that pemphigus vulgaris pathogenic antibodies activate p38MAPK and HSP27 signaling pathways after binding to desmoglein-3, the desmosomal cadherin (9) . The activation of HSP27 resulted in acantholysis, suggesting that the inhibition of p38MAPK and/or HSP27 phosphorylation may provide novel treatments for desmosome-associated blistering diseases (9) . Furthermore, HSP27 was recruited to sites of cell-cell and cell-substrate attachment in renal epithelial cells undergoing injury by heat stress or ATP depletion, indicating a potential role for HSP27 in protection or regulation of epithelial cell-cell and cell-substrate attachments (44) .
Our study limitations include the in vitro and in vivo models of fibrosis. EMT is a complex and dynamic process difficult to capture in vivo, and the extent of its contribution to chronic kidney injury is unknown. Similarly, UUO includes a significant inflammatory component mediated by monocytes/macrophages that is not universal to all models of kidney fibrosis. HSP27 is a molecule with pleiotropic characteristics. It may play different roles in normal and pathological cells (4) . These effects may also be cell or tissue specific. For example, in normal cells, HSP27 contributes to cytoskeleton, redox state, and protein-folding homeostasis and the protection of cells in case of stress. In pathological cells, it may have deleterious effects by protecting cancer cells against the immune system or chemotherapy. It is therefore clear that therapies targeting HSP27 should be tailored to the underlying disease state. In conclusion, our studies demonstrate that HSP27 is involved in the pathogenesis of matrix remodeling and kidney tubulointer- Fig. 6 . HSP27 mRNA increased during TGF-␤1-induced-EMT. A: table representing mean Ct, SD, ⌬Ct (compared to S26 internal control) for HSP27 and matrix-remodeling genes (vimentin, fibronectin, and E-cadherin) at baseline (time 0) and days 2 and 3 of treatment with TGF-␤1. All experiments were done in triplicate and repeated at least 3 times. B and C: bar graphs representing average fold-changes for genes of interest compared with baseline. These studies showed that HSP27, vimentin, and fibronectin increased with time and TGF-␤1 treatment (20 ng/ml) whereas E-cadherin mRNA levels decreased. Differences were statistically significant for HSP27, fibronectin, and E-cadherin between TGF-␤1 and no treatment groups on day 3. stitial fibrosis with a potential protective role. We define in vitro and in vivo models where genetic manipulation of HSP27 may shed further light on potential therapies that inhibit chronic kidney fibrosis. Fig. 9 . HSP27 overexpression increased E-cadherin while downregulating Snail. NRK52E cells were transiently transfected with human HSP27 or empty vector, followed by treatment with TGF-␤1 for 3 days. A: representative blots. B and C: bar graphs representing average protein levels normalized to the internal control ␤-actin. All experiments were performed at least 3 times. These studies showed that in TGF-␤1-treated cells, human (hu)HSP27 transfection resulted in significantly greater levels of human HSP27, phosphorylated HSP27, and E-cadherin while Snail levels decreased. There were no significant changes in intrinsic rat HSP27 levels.
